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Introduction
B asidiom ycetes provide an interesting source of novel secondary m etabolites with a v ariety of bio logical activities. A screening of som e 400 strains for the p roduction of inhibitors of avian m yelo blastosis virus (A M V )-reverse tran scrip tase so far resulted in the isolation of podoscyphic acid (E rkel et al., 1991) from a Tasm anian Podoscypha species, clavicoronic acid (E rk el et al., 1992) from Clavicorona pyxidata and h y p h o d o n tal (E rkel et al., 1994) from a H yphodontia species.
In the following we describe the ferm en tatio n , isolation, structural elucidation, and biological characterization of two new inhibitors from K ueh nerom yces sp. strain 8758.
Materials and Methods

General
Spectral data w ere reco rd ed on th e following instrum ents: 'H and 13C N M R , B ru k e r AM -400 and AM X-600; EI-M S, Finnigan M A T 90 and 95 Q; FT-IR, B ru k er IFS 48; UV, Perkin-E lm er 
Kuehnerom yces sp. strain 8758
Mycelial cultures w ere obtained from tissue plugs of fruiting bodies growing on buried w ood in the H artz M ountains, Tasm ania. The specim en show the characteristics of the genus as described by Singer (1986) . The species, how ever, could not be identified. V oucher specim en and cultures are deposited in the collection of the L ehrbereich B io technologie, U niversity of K aiserslautern.
Fermentation
For m aintenance and production of k u e h n e ro mycins A (1) and B (2) the fungus was cultivated in Y M G m edium com posed of: yeast extract 0.4% , m alt extract 1%, glucose 0.4% and agar 1.5% for solid m edia. A well grow n seed culture of K ueh neromyces sp. 8758 (200 m l) in Y M G was used to inoculate 20 1 of Y M G m edium in a B iolafitte C 6 ferm entation apparatus. The ferm en ter was incu bated at 22 °C with an aeration rate of 3 1 air/m in and agitation (130 rpm ). L arger batches w ere grown in a 150-liter tan k (D eutsche M etrohm , S tu ttg art) containing 100 1 of Y M G m edium (in oculum 10%, 100 rpm , 15 1 air/m in, 22 °C). The prod u ctio n of kuehnerom ycin A was follow ed by estim ating the inhibitory effect of 2.5 jil of a crude extract (co n cen trated 1 0 0 tim es as com pared to the culture fluid) in the stan d ard assay of A M V RT.
Isolation o f kuehnerom ycins A (1) and B (2)
D uring purification, kuehnerom ycin A (1) was d etected using th e stan d ard assay for A M V RT. A fter rem oval o f the m ycelia by filtration, kuehnerom ycin A was extracted from the culture filtrate (90 1) w ith E tO A c (tw o tim es 15 1). E vap o ratio n o f the organic phase yielded a crude extract (7.5 g), which was purified by rep eated chrom ato g rap h y on silica gel (M erck 60; elution with cyclohexane -E tO A c 75 : 15) resulting in 170 mg of an enriched product. This was further purified by p rep arativ e H P L C (L iC hrosorb Si60, colum n 2,5 x 25 cm, elution w ith cyclohexane -2-propanol (78 : 22) to yield 120 mg of k u e h n ero mycin A (1). In som e batches rechrom atography of the pro d u ct o b tain ed after this step on L iC hro sorb CN (colum n 2,5 x 25 cm, elution with cyclo hexane -tert-butyl m ethyl e th e r 22 : 78) resulted in the sep aratio n of a second com pound, k u eh n e rom ycin B (2). Yield: 40 mg from a 100 1 fer m entation. , 2957, 2930, 1712, 1683, 1653, 1370, 1157 ; ]H and 13C N M R spectra see Table I , 2958, 2931, 1706, 1678, 1646, 1371, 1166 ; 'H and 13C N M R spectra in benzene-d 6 see Table I ; JH N M R (600 M H z, CDC13) 6 1.04 (3H , s, 13-H), 1.14 (3H, s, 14-H), 1.63 (1H , ddd. J = 12.8, 11.5 and 4.5 Hz, 5-H), 1.64 (1H , ddd, J = 14.8, 13.5 and 4.5 Hz, 3a-H ), 1.77 (1H , ddd, J = 13.5, 6.0 and 2.5 Hz, 3ß-H ), 2.32 (1H , dddd, J = 19.5, 11.5, 3.8 and 2.5 H z, 6 ß-H ), 2.38 (1H , ddd, J = 14.8, 4.5 and 2.5 H z, 2 a-H ), 2.50 (1H, dddd, J = 19.5, 6.0, 4.5 and 2.0 Hz, 6 a -H ), 2.51 (1H, ddd, J = 14.8, 14.8 and 6.0 Hz. 2ß-H ), 2.85 (1H , dd, J = 12.8 and 10.0 Hz, 10-H), 3.80 (1H , ddddd, J = 10.0, 3.8, 2.5, 2.0 and 2.0 Hz, 9-H ), 6.98 (1H, ddd, J = 6.0, 2.5 and 2. 
Biological assays
A ntim icrobial spectra, cytotoxicity and m acrom olecular syntheses in w hole L 1210 cells (lym phocytic leukem ia, m ouse A TC C C C L 219) were m easured as described previously (W eber et al., 1990) . . U nless otherw ise speci fied th e reaction m ixture was incubated for 60 min at 37 °C and the radioactivity of the acid insoluble fractions was determ in ed as described above.
A ssay for hum an im m unodeficiency virus (H IV -1) RT: HIV-1 RT (U n ited States B iochem icals) ac tivity (20 U /m l) w ith p o ly (A )-(d T ) 15 as tem platep rim er was assayed using the reaction conditions described for M M uLV RT.
T he R T assay w ith a 1080 bp L T R -tem plate (kindly provided by Dr. S. Weiss (Weiss et al., 1992) , B oehringer, M annheim ) and a 18mer com p lem entary prim er was perform ed as follows: 2.8 |xm L T R -tem plate and 20 (im 18mer prim er w ere com bined after annealing at 66 °C and slowly cooling to 20 °C w ith 80 m M Tris-HCl (pH 8.3), 8 mM M gCl2 30 mM KC1, 10 mM DTT, 200 [ig/ml BSA , 10 |iM dTTP, dATP, dGTP. dCTP, 1 jiCi [3H]-dT T P (3.34 pm ol), and 20 U /m l H IV RT. The reac tion m ixture (50 jil) was incubated for 60 min at 37 °C and the radioactivity in the acid-insoluble fractions w ere determ in ed as described above.
P latelet aggregation assay: 9 volum es of fresh bovine slaugther blood w ere m ixed with 1 volum e of citrate buffer (93 mM sodium citrate, 140 mM glucose, pH adjusted to 7.4 with 1 m citric acid). To obtain p latelet rich plasm a (P R P ), the an ti coagulated blood was centrifuged at 150 x g for 15 m in at 22 °C. In general the P R P contained 3 -4 x 105 platelets/^1. P latelet p o o r plasm a (P P P ) was obtained by centrifugation of the anticoagulated blood at 1 0 0 0 x g for 1 0 min.
To test the effect of throm bin, bovine platelets w ere w ashed tw o tim es w ith citrate buffer pH 7.4 and stored at a density of 1 x 1 0 6 platelets/^il in PBS buffer (g/1: N aC l 8 ; KC1 0.2; N a2H P 0 4 x 2 H 20 1.44; K H 2P 0 4 0.2; glucose 1; pH 7.4).
The aggregation assay was carried out in a spec tro p h o to m e te r (H itachi, m odel 100-60) w ith temp erated (37 °C) and stirred plastic cuvettes. A fter preincubation for 1 0 m in with the inhibitors the aggregation was stim ulated with different in ducers. The change of transm ittance was m oni to red at 600 nm with P P P or PBS buffer as blanks, respectivly.
The aggregation of hum an platelets was m eas ured in a p latelet aggregation profiler (B IO D A TA C o rp o ratio n ) a fter 10 min of preincu bation.
To com pare different inducers and com pounds, the concentration of inhibitor th at caused a 30% reduction of aggregation (IC 30), was determ ined.
Test for m utagenicity: M utagenicity was tested according to the m eth o d of A m es et al. (1975) . M utants of Salm onella typhim urium strain TA 98 and TA 100 w ere used in the pour plate assay as described by V enitt et al. (1984) .
Results and Discussion
P roduction o f ku eh n ero m yein A (1)
A typical ferm en tatio n of K uehnerom yces sp. 8758 is show n in Fig. 1 . The production of kuehnerom ycin A (1), as m easured by the inhi bition of A M V RT, starts approxim ately 200 h after inoculation. The highest concentration of the inhibitor is reached after 340 h.
Structural elucidation
K uehnerom ycin A exhibits a m olecular ion at m /z 278 in the E l mass spectrum which corre- ; 2 a ,3 a = 4; 2cx,3ß = 7; 2ß .3a = 12; 2ß,3ß = 5; 3a,3ß = 14; 5.6a = 4; 5,6ß = 12.5; 6a.6ß = 19; 6ct,7 = 7; 6a,9 = 1.5; 6ß,7 = 1.5; 6ßb,9 = 3; 7,9 = 1.5; 11,11-OH = 13. -2: J (Hz): 2a,2ß = 14; 2a,3a = 4; 2a,3ß = 3; 2ß,3a = 13; 2 ß,3ß = 7; 3a,3ß = 13; 5,6a = 6; 5,6ß = 10; 5,10 = 13; 6 a ,7 = 5; 6ß,7 = 3; 6ß,9 = 4; 7,9 = 3: 9,10 -10; 9,11 = 2.
a 'H (600 MHz) NMR data of 2 in CDC13 see Materials and Methods. b Exchanges on addition of deuterium oxide, and a singulet for ö 5.48.
sponds to the m olecular form ula C 15H 180 5. The com pound show s a U V m axim um (M eO H ) at Xmax 232 nm and intense IR absorptions (K B r) at 1770 (y-lactone), 1711 (ketone) and 1692 cm ' 1 (a,ß-unsa tu ra ted carbonyl).
The 'H N M R spectrum in C6D 6 (Table I) re veals the p resence of eight aliphatic protons, two tertiary m ethyl groups (6 0.58, 1.19), two protons in the olefinic region ( 6 5.48, 5.90) and one ald e hyde p ro to n ( 8 8.96). A doublet at 6 6.50 disap pears on ad d itio n of D 20 and can thus be assigned to a hydroxy proton. From inspection of the cou pling p a tte rn s given in Table I and 2D 'H^H -C O SY experim ents the aliphatic protons can be ascribed to an isolated -C H 2C H 2-m oiety (A ) and partial stru ctu re > C H -C H 2-C H =C -C H < (B). In unit B the m ethylene protons centered at 6 1.58 and 1.83 are coupled with both the m ethine p roton at 6 0.94 and th e olefinic proton at 6 5.90 and are connected via hom oallylic coupling with the second m eth in e p roton at 8 3.35.
The sub stitu en ts attached to partial structures A and B w ere d etected by the 'H coupled 13C N M R spectrum (Table I) M oreover, in partial structure B the olefinic qu a te rn ary carbon resonance at 6 C 137.1 is con nected to th e protons of the allylic m ethylene group, th e vicinal m ethine p roton at 5 H 3.35, and an aldehyde p ro to n at 8 H 8.96 which confirm s the presence of an a,ß -u n satu rated aldehyde m oiety (8 C 191.4). Partial structures B and C can be ex ten d ed to decalin system D due to the occurrence of cross peak s betw een the m ethine p ro to n at ö H 0.94 and the q u atern ary carbon at öc 31.3. A fu rth er connectivity is observed betw een the m ethine pro to n at ö H 3.35 and the carbonyl reso nance at 8 C 209.5.
Finally, the carbon resonance at 6 C 101.2 as signed to a hem iacetal m oiety correlates to the m ethine pro to n at ö H 3.35 while the lactone car bonyl resonance at 8 C 170.2 is connected to the m ethine protons at ö H 0.94 and 3.35 and the hem i acetal pro to n at ö H 5.48. This leads to the drim ane structure 1 for kuehnerom ycin A.
The lack of coupling betw een the adjacent m ethine protons at C-9 and C -ll is typical for d ri m ane derivatives with ß-configuration of the lactol hydrogen 11-H (A yer and Craw, 1989) .
A ccording to its m olecular form ula C 14H 180 3 , kuehnerom ycin B is a decarboxylation product of 1. In the !H N M R spectrum (C 6D 6) two aldehyde resonances at 6 9.01 (s) and 10.78 (d, J = 2 Hz) and a m ethine m ultiplet at Ö 2 .6 8 instead of the hem iacetal signal are the m ajor differences to the spectrum of 1. In the 13C N M R spectrum ( Table I) for kuehnerom ycin B. The substitution p attern in the decalin system was unequivocally established by *H-13C C O SY experim ents. Thus, in the long range correlation spectrum the aldehyde carbonyl at 8 C 2 0 1 . 1 correlates with the m ethine p roton 9-H, while the second aldehyde group at 6 C 191.9 is connected with the olefinic pro to n 7-H. In the sam e way the signal of C-10 gives cross peaks with the m ethylene pro to n s at C-2 and C-6 . F u rth e r m ore, in the !H N M R spectrum of 2 the m ethine p ro to n at C-10 experiences a J = 10 Hz coupling with the angular p ro to n at C-5 in agreem ent with a trans stereochem istry at the ring junction (A yer and Craw, 1989) .
The trans-decalin structure of 2 was confirm ed by N O E experim ents. Thus, irradiation at the sig nal of the angular 10-H enhances the signal of the pseudoaxial 2ß-H , w hereas irradiation of 9-H leads only to signal en h ancem ent of the angular p ro to n at the 5-position.
The close correspondence of the CD curve of 1 (Fig. 2a) with those of related drim ane lactones, e.g. m niopetal F (3) (Kuschel et al., 1994 (Kuschel et al., , V elten et al., 1994 , allows the assignm ent of th e absolute configuration given in the form ulas.
Interestingly, panudial (4), a stereo iso m er of kuehnerom ycin B (2) w ith cis an n u lated A B rings and an a -o rie n te d aldehyde group has been o b tained from cultures of a Panus sp. (L orenzen et al., 1994) . A ccording to N M R experim ents, treatm en t of either 2 or 4 with 1,8-diazabicyclo[5.4.0]undec-7-ene in T H F at room te m p era tu re leads to equilibration. H ow ever, due to con cu rren t decom position the proportion of 2 and 4 at therm odynam ic equilibrium could not be d e te r m ined. Similarly, attem pts to correlate the abso lute stereochem istry of 4 with 2 by m eans of this equilibration reaction were unsuccessful. The CD spectra of 2 and 4 are depicted in Fig. 2b . 
Biological properties
The inhibitory effect of kuehnerom ycin A on the RTs of A M V and MMuLV are shown in Fig. 3 .
The activity of MMuLV RT was reduced to 50% at a concentration of 36 (j .m ( 1 0 (ig/ml; IC 50) w hereas the IC 50 for A M V RT was 270 |im (75 |ig/ ml). P reincubation of A M V and MMuLV RTs with kuehnerom ycin A but w ithout substrates for 1 0 min at 37 °C resulted in a reduction of the IC 50 to 125 (im (35 |ig/ml) for AMV-and 18 ^im (5 |ig/ For kuehnerom ycin B an IC 50 of 43 (10 ^ig/ ml) for A M V RT and 21.5 |iM (5 |ig/ml) for M M uLV RT was determ ined.
C om pared w ith the activities on RTs of A M V and MMuLV, the kuehnerom ycins A and B exhibit only w eak inhibitory activity on HIV-1 RT with poly (A )-(d T ) 15 as tem p late-p rim er as show n in Fig. 7 .
The activity of HIV-1 RT was reduced to 50% at a co n centration of 667 [.im (185 [ig/ml) of kuehnerom ycin A. The IC 50 for kuehnerom ycin B on HIV-1 RT with the synthetic prim er-tem plate was calculated to 407 jxm (95 [.ig/ml).
W ith the natu ral prim er-tem plate the k u eh n e ro mycins A and B reduced the activity of HIV-1 RT to 50% at a co n cen tratio n of 54 j i m and 64.5 [i m (15 (ig/ml). paratively high concentrations of 1 0 0 |ig/ml (360 ja m ) of kuehnerom ycin A (data not show n). A s show n in Table II , kuehnerom ycin B is a p o ten t inhibitor of bovine and hum an p latelet aggregation stim ulated with different inducers. A ll IC 30 values, except for the throm bin induced ag gregation, varied betw een 1 -1 0 jig/ml (4 -4 3 |i m ) . The tenfold low er IC30 value for the inhibition of the throm bin induced aggregation indicates a p ref erential inhibition of the throm bin receptor, glyco protein lb (Fig. 8 ) . No inhibition of platelet aggre gation was observed up to 430 |i m (100 ^ig/ml) of kuehnerom ycin A. Panudial (4) shows sim ilar effects on p latelet aggregation. In this case, how ever, no selectivity with respect to the inducers was observed.
K uehnerom ycin A exhibits cytotoxic p ro p erties on H eL a S3, 3T3/MMSV, B H K , and E C A cells (Table III) . N o cytotoxic (lytic) effects w ere o b served on L 1210 and H U T 78 cells. P ronounced cytotoxic effects of kuehnerom ycin B could be o b served on all tested cell lines in the range of 2 2 to 8 6 [im (Table III) .
In the agar diffusion assay the kuehnerom ycins A and B exhibit very w eak antibacterial and a n ti fungal activities (Table IV) .
In the test for m utagenicity according to A m es et al. (1975) and V enitt et al. (1984) no induction of revertants of S. typhim urium TA 98 and TA 100 could be observed with 1 0 0 [ig/plate kuehnerom y cin A (pour plate assay with and w ithout addition of rat liver m icrosom es).
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